Abstract -The present technology does not permit the 7-µm CCD push broom optical sensor to image a region of 70 km. Therefore the IRS -1C satellite use three separate 4096 CCD push broom optical sensor resulting in three array images. Two different methods to ortho-rectify and mosaic the three IRS-1 array images are presented. Results using the CCRS modelling show an accuracy of about one pixel. Future research at CCRS to integrate the parameters of the three sensors in to a single geometric modelling should give better results (less than one pixel) with also less GCPs.
I. INTRODUCTION
The IRS-1C satellite was launched two years ago and the IRS-1D satellite in December 1997. It is an operational digital space sensor usable for mapping with the highest ground resolution. Its 70-km swath (12 000 pixels) is imaged using three separate 4096 CCD push broom optical sensor with 7-µ m resolution, since there is no CCD sensor on the market with such capacities (Jacobsen, 1997) . Unfortunately, the three arrays are not well aligned generating translation and rotation between the array images. Due to misalignment and overlap the raw images are then useless without appropriate geometric correction.
Consequently, geometric correction, DEM extraction, orthorectification and mosaicking processes have to be addressed to take into account these specific aspects of the Indian sensors before any applications. This paper will first presented different methods to ortho-rectify and mosaic the three array images using the geometric correction modelling previously developed at the Canada Centre for Remote Sensing (CCRS). Adaptation to the IRS-1 data are also presented.
Tests over a mountainous study site in Switzerland are performed to show the applicability and the quality of the results of each method.
In our study the thematic application is to update glacier maps and to analyse the changes in the frame of climate change studies related to the areal extent of glaciers. The first step is to derive precise snow and ice cover maps in Alpine Regions. From these maps the equilibrium lines (ELA) of glaciers can be calculated as an indicator for glacier retreat. This allows investigating the climate change impact by comparison with historical data. Specific interest is to monitor the changes in glacier tongues and lakes. This kind of research is only possible with high-resolution data.
II. GEOMETRIC CORRECTION MODELLING AND METHOD
Since the launch of SPOT numerous research have been realized for the geometric correction of push broom optical sensor. Most of them are based on the collinearity condition modelling (Toutin, 1983) . The collinearity condition modelling developed at CCRS is based on principles related to orbitography, photogrammetry, geodesy and cartography (Toutin, 1995) .
This method reflects the physical reality of the complete viewing geometry and the following distortions that may occur during the image formation:
(1) distortions due to the platform (position, velocity, and attitude); (2) distortions due to the sensor (orientation, integration time, and field of view); (3) distortions due to the Earth (geoid, ellipsoid, and relief); and (4) distortions due to the cartographic projection (ellipsoid, and cartographic reference).
The greatest advantage of this collinearity condition method is that it has been applied to VIR data (Landsat, SPOT, IRS, MOS), as well as SAR satellite data (ERS, JERS-1, SIR-C and RADARSAT) and can easily be modified to support other satellite and airborne sensors, such as the IRS-1 data. Since the method can adjust simultaneously, more than one input image can be used to improve the relative accuracy of the positioning of superimposed images.
Based on good quality GCPs, the accuracy of this method was proven to be within 1/3 of a pixel for VIR satellite images and 1 resolution cell for SAR images. Since the method was developed, numerous tests have been performed with different data sets and study sites to demonstrate that it is precise, robust, economic, and consistent.
Special pre-processing has to be developed for the attitude data since attitude for visible image is a key point to obtain sub-pixel accuracy. Fig. 1 and 2 are examples of the raw attitude rate for the roll and the non-linear variation effect on the ground, respectively. In this image the satellite was very stable in the roll direction (less than 0.5 m on the ground). Fig. 3 is an example of the raw attitude rate for the yaw. Fig.  4 is the combined pitch and yaw effect of the non-linear variation on the ground. Its value is in the order of 3 m with a maximum of 7 m. The CCRS modelling can adjust simultaneously more than one image, the three array images can be then processed together. Two methods can be developed to use this geometric modelling for IRS-1 raw data (Cheng and Toutin, 1998 
(1) To process separately the three array images with independent GCPs per array image; and (2) To process simultaneously the three array images with tie/altimetric points in the overlaps.
These methods do not take into account that the three array images have common and identical imaging parameters related to the satellite and the sensors. It is then possible to combine them mathematically. Instead of computing separately independent parameters of the three geometric correction modellings some can be considered as common for the three array images. They are:
(1) For the satellite, its position and velocity; (2) For the sensors, their instantaneous field of view and their line integration time; and (3) For the Earth, its rotation.
Since this method reduces the number of unknowns and also uses tie points in the image overlaps, approximately twice less GCPs (6 to 8) are needed to compute the geometric modelling of the three array images together. Research in this method and its adaptation to DEM extraction is currently being carried out at CCRS and PCI. Results will be presented during the Symposium.
III. STUDY SITE AND DATA SET
The test site is the Valais located in the Swiss Alps. It has a size of about 3500 km2 within an altitude range from 800 to 4500 m. It has a dense population and has a large tourist interest (Mt. Cervino). The region carries a high potential for natural events (hazards) such as flooding and soil erosion. The area is covered by the IRS-1C PAN image 25/36 acquired on September 20, 1997. The ground station in Neustrelitz (operated by EUROMAP) has provided the raw data in the Super Structure Format (SSF) which contains the ephemeris and the attitude data. 87 ground points were selected from 1 : 25 000 topographic maps with an accuracy in the order of 5 m. They have been collected independently for the three array images. 14 tie points were also collected in the image overlaps with a plotting accuracy of one pixel. The DEM has been derived from 1:25 000 map contour lines with a pixel spacing of 25m by 25m. The elevation accuracy is between 1.5 m in the midlands to 5-8 m in mountain areas. Table I is a summary of the geometric modelling results: tests 1 and 3 for the 1 st method, and 2 and 4 for the 2 nd method. In tests 3 and 4, independent check points (ICPs) are used to evaluate the accuracy. The Y-residuals/errors are a little worse because the attitude data was not included in the processing. At this stage of the research, inconsistency has been noticed in the raw attitude between different data set. Future work should address this point with other IRS-1 images.
IV. RESULTS AND DISCUSSION
They are few variations between the two methods because no GCPs or ICPs were located in the overlap areas. Consequently, computed co-ordinates from the two array image modellings cannot be compared to check consistency in these overlap areas. Since the cartographic co-ordinates of the points are in the order of 5 m, they are included in the ICPs errors, and the final accuracy should be a little better. Fig. 5 is example of the ortho-mosaic generated by the 2 nd Methods. Further comparisons with the mosaics generated by the two methods will be presented during the symposium.
V. CONCLUSIONS
The CCRS geometric correction modelling is used to process the IRS-1 panchromatic data. Different methods have been presented to mosaic the three IRS-1 array images: to process them separately or simultaneously by adding tie points. Both methods give an accuracy of about one pixel, but the 2 nd one generates more accurate mosaic with less discontinuity, mainly in the overlap areas. The achieved accuracy is satisfactory for the application in glacier map updating and climate change impact in Switzerland. Current research at CCRS will improve these results: (i) by adding the attitude data and (ii) by mathematically integrating the three-sensor geometry in a single geometric correction modelling.
